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Abstract 
        Oxyfuel CO2 capture is one of the three major CO2 capture technology pathways. Past studies have confirmed 
oxyfuel capture could be a competitive technology in CO2 capture. The oxy-fuel CO2 capture system have a number 
of niche advantages, for example, much easier separation of CO2, no solvent required, smaller physical size, and the 
potential to retrofit existing plants (though the boilers may be required to be reconstructed). Oxyfuel could play an 
important role in Chinese CCUS industry. However, there was a lack of public analysis on the risk of Oxyfuel 
project in China. Therefore, the study aims to understand issues in risk management in developing large-scale 
oxyfuel CO2 capture project.  
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1. Introduction 
        Risk management is an integral component of a large-scale CCS project development. This part of the report aims to inform 
developers of oxyfuel CCS projects of the impact of risks on the design of large-scale oxyfuel capture with CO2 geological 
storage. It follows industry standard principles to formulate a risk register for the detail feasibility study and the project design. It 
also suggests risk mitigation and transfer approaches for major risks.  
A number of studies have analysed stakeholders’ perceptions on developing CCS technologies (e.g. Shackley et al, 2009; 
Johnsson et al, 2010), but very little research has investigated the risk perceptions of a future mature CCS industry (Polson et al, 
2012).  Figure 1 above illustrates a summary of the risk categories identified through the entire CCS process. It is worth noting
that these risks sit in a wider business context for CCS project developers, which introduces further risks. For example, the 
chance that there is a mismatch between the future revenues from operating a CCS store and the costs involved is a commercial 
risk for CCS project developers.   
Figure 1 Major Risks Categories in Integrated CCS Projects (ClimateWise, 2012)
         
         As illustrated in Table 1, a number of past studies have examined the incremental risks in the Oxyfuel CO2 capture process, 
e.g. the air-leakage issues in the combustion process, the CO2 purification requirement in the flue gas, and the health and safety 
issue associated with the large-scale air separation unit. Therefore, to secure the project success, the study will build on past
analysis and Guohua 200MW Oxyfuel power plant to develop a risk registration and management model.  
Table 1 Perceived Incremental Risk Exposures Specific to Oxyfuel Technology (Building on studies by Jordal et al, 2005; Wall, 
2009: 20; Preusche et al, 2011; Perrin et al, 2013) 
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Risk Exposure (s) Potential Trigger Impact Technical Solutions or Mitigation Measures 
Technology
Performance 
Air in-leakage in the 
combustion process 
Reduce the efficiency 
of the process 
Identify and localise air leakage 
Change in Law and 
Regulation
regulation for CO2 gas 
quality becomes strict 
Increase costs and 
energy penalty 
Reserve space for further purification  
Capture Health and 
Safety
ASU Explosion 
Boiler Explosion 
Injury; Capital Loss Insurance Policy; Improve oxygen management 
measures 
Energy and Carbon 
Prices 
Change of energy 
market (e.g. demand 
from base-load to 
peak-load) 
Reduce efficiency; 
fail to meet the market 
demand
Design the plant to meet a rapid load change 
environment and store energy potentially  
The aim of risk assessment and management is to provide the project developer transparency in risk exposures and potential 
hazards of oxyfuel CCS project, make use of ADB technical and financial experts’ risk management experience, and provide a 
consistent risk reporting across the chain of oxyfuel CCS project. The section will cover four specific areas:  
Ͳ Overview of the risk assessment methodology  
Ͳ List of major risks in oxyfuel CCS project, incl. current active risks.  
Ͳ Mitigation strategies for major project risks 
Ͳ Risk transfer mechanisms for major project risks 
2. Methodology
     The risk assessment approach follows the Risk Management Principles and Concepts formulated by HM Treasury (2004)† in 
The Orange Book.  The risk register captures three impacts: Cost Impact, Schedule Impact, and Reputation Impact assigned by a 
single value of probability. The scoring of each risk is on a nine point scale, based on the likelihood and the probability. Building 
on the experiences of Longanet FEED study (SPCCSC, 2011a), the risk register for Guohua 200MW oxyfuel CCS demonstration 
project was further developed to include additional information on the following four aspects: (a) project phase; (b) project 
milestones; (c) whether risk is likely mitigated building on the risk solutions suggested in the current ADB study; (d) whether
risk is a demonstration risk.  
      In addition, the study also classifies risks in 5 broad categories based on the classification by Global Association of Risk
Professionals (GARP, 2009), including market risk, credit risk, operational risk, liquidity risk, legal and regulatory risk. The
study also differentiates risks that are generic to conventional power plant and those risks that are distinct to CCS demonstration
projects. All risks are also classified as either parent risk or child risk, and the discussion in this report would focus on assessing 
the impact of top parent risks. The study developed the risk response strategies through the following five themes (as illustrated 
in Table 2).  
† This approach has been applied for the Longanet CCS project Front End Engineering Design study.  
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Table 2 Risk Response Strategies Applied in Project Risk Analysis (HM Treasury, 2004: 27)
Risk Responses Strategies Definition
Tolerate The exposure is tolerable without any further action being taken  
Treat Active control is taken to constrain the risk to an acceptable level   
Transfer Transfer the risk to third party through insurance, financial mechanisms or other contractual 
arrangements 
Terminate The risk is only acceptable by terminating the activity  
Take the Opportunity It is an option approach to keep risk response strategies open  
3. Risk Analysis and Mitigation Strategies 
The top 20 risks are listed in Table 3 below while the detailed risk register is illustrated in annex I. The five highest scoring
demonstration risks specific to oxyfuel CCS are:   
x Insufficient project financial support (Market, Policy & Regulatory Risks) 
x Fail to integrate the system or one part of the chain fails (Operational Risk)  
x Retrofitted plant degrades faster than expectation (Operational Risk) 
x Technology scale-up failure (Operational Risk) 
x Public Opposition on Pipeline Construction (Policy & Regulatory Risk) 
Of the top 20 risks, financial risk (No.1), system integration risk (No.2), public perception (No.5), Capital overrun (No. 7), 
Financial incentive change risk (No.8), project authorisation risk (No. 10) and pipeline route ground condition risk (No. 17) could 
severely delay the development of the project. These factors should be fully addressed at the feasibility stage. On the other hand,
the CO2 standard risk (No. 6), Injectivity risk (No. 9), oxy-combustion air-leakage (risk), CO2  storage leakage risk (No. 14), part-
load operation risk (No.15), Pipeline damage risk (No. 16), Explosion risk (No.18), and impurity risk (No.20) could largely 
impact the operation and reliability of the project. The design of control system and training should address the above major risk
exposures threating the operational process. Notably, there is not yet a carbon market (referring to Risk No. 13) established in
Inner Mongolia province, but the National Development and Reform Commission (2011) is planning to establish a national 
carbon market by 2015. The carbon pricing scheme (i.e. carbon trading, carbon tax) could significantly affect the development 
and operation of the project. 
The mitigation strategies of these high scoring risks are considered below.  
Insufficient financial support secured in time: The ADB funded project team identified the financial requirement for 
implementing a full chain oxyfuel CCS project in Guohua power plant at Shenmu. By far, there is no explicit financial incentive
that has been secured for the project (e.g. feed-in-tariff or carbon price support). The absence of sufficient financial support could 
severely delay the financial investment decision (FID) and the construction process. It could cause the loss of major technical
experts in developing oxyfuel CCS projects and increase the financing risk at a later stage.  Insufficient financial support at the 
operational stage could trigger a suspension of operation of the project. Government is well positioned in managing the financial 
risk, while developer and operators are in place in managing the capital and operational cost.   
Shenhua Guohua Power and the HUST team have experience in securing public financial support for demonstrating new 
technologies. Developers should also apply a staged approach to manage the financing challenges of the project, to secure the 
required financial support for capital investment, operation and decommissioning costs. In addition, developers should also 
consider the risks of retaining keep technical staff during the financial uncertain stage. 
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Table 3 Top 20 Risks Specific to Guohua Shenmu 200MW oxyfuel CCS project 
Risk
No. Chain Risk Description Consequence Risk Category Risk Score 
Risk Response 
Strategy 
1 System Insufficient financial support secured in time 
Delay the final investment decision, 
construction or suspend the operation, loss of 
staff
Market, Policy and 
Regulatory Risk 21
Take the 
Opportunity
2 System Fail to integrate the system or one part of the chain fails
Reduce project profitability; suspend full 
chain operation Operational 18 Treat 
3 Capture Retrofitted plant degrades faster than expectation forced outage; shorter lifetime Operational 18 Treat 
4 Capture Technology Scale-up Failure Reduce efficiency and reliability Operational 16 Treat & Transfer
5 Transportation 
Public opposition on pipeline 
construction Delay project construction; abandon project
Policy and 
Regulatory Risk 14
Treat 
6 Transportation 
Pipeline & Compressor not 
comply with future CO2 
design specification (such as 
impurities) 
Increase cost and delay the design Operational, Policy & Regulation 
14
Treat 
7 System Capital Cost overruns Significantly reduce the financial viability of the project Market, Operational 14
Treat & 
Tolerance 
8 System 
Withdraw of committed 
financial support due to 
changing political interests at 
provincial or national level 
Delay or stop the development or operation 
of the project 
Policy and 
Regulatory Risk 
14
Tolerate 
9 Storage Injectivity reduces over time Increase cost; possibly increase CO2emissions Operational 
14
Treat 
10 System 
NDRC or provincial DRC 
doesn't authorise the project 
in time 
Delay the final investment decision and 
construction 
Policy and 
Regulatory Risk 12
Tolerate 
11 Capture Air Leakage in the combustion process 
Reduce plant efficiency and increase capture 
cost Operational Risk 10 Treat 
12 Capture Coal price increases dramatically 
increases the operational cost; reduce the 
profitability Market Risk 10 Transfer 
13 System Carbon pricing support mechanism fails 
Reduce financial viability and Suspend the 
operation Market Risk 9 Treat 
14 Storage CO2 leakage or migrant from storage complex Suspend the operation of the project Operational 9 Treat & Transfer
15 Capture Part load operation due to electricity market constraint
Fail to capture CO2 at the design condition; 
cause compressor failure due to low-
temperature caused by phase change 
Operational 
9
Treat 
16 Transportation 
Damage of pipeline due to 
corrosion or internal coating 
failure 
CO2 leakage causes health and safety issue, 
interruption of project Operational 8
Treat 
17 Transportation 
Unidentified ground 
conditions along the 
CO2pipeline route 
Increase the cost of developing pipeline; 
delay the construction Operational 8
Treat 
18 Capture Explosion of ASU and boiler due to higher oxygen content Injury; Capital Loss Operational 8 Treat 
19 System 
Major Health and Safety 
Accident due to insufficient 
knowledge of handling CO2
damage the plant; interruption of operation Operational 
7
Treat 
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20 Transportation 
Impurities in the captured 
CO2 stream 
Fail to meet technical and regulatory 
requirement
Operational, Policy 
& Regulation 6 Treat 
Fail to integrate the system or one part of the chain fails: The complexity of a CCS value chain poses challenges to the 
operational reliability of an integrated CCS project. Each link in the chain will be operated by a different entity (e.g. utility, oil 
and gas company and pipeline operator). Each part along the chain could have significantly different risk appetites. CCS project
joint-venture (JV) faced by the risk of losing revenue and suspending operation because of failure in part of the CCS supply chain. 
For example, the potential impact of a permanent CO2 injection failure or a major CO2 leakage could be catastrophe for the CO2
capture JV and CO2 transportation JV at the project operational stage.   
One possible risk mitigation mechanism is to establish an integrated CCS network (i.e. multiple sources connected with multiple
sinks through multiple pipeline routes), such as the Central North Sea CO2 Cluster plan for 2030 and 2050 in the Northwest of 
Europe. However, it is not likely to happen in the early stage of CCS development, especially in this case, when the first 
commercial scale oxyfuel CCS project is demonstrated in China. An effective coordination and communication mechanisms 
among project JVs through contracts and staff links could mitigate the chain risk. Establish a regular stress testing for the whole
chain would be beneficial. Another potential solution in the Chinese context is to enable one single state-owned company to 
coordinate and operate the whole chain: capture, transport and storage and take the full responsibility. In addition, the Guohua
oxyfuel project could learn from experiences of other large-scale integrated CCUS projects in North America and Europe.  
Retrofitted plant degrades faster than expectation: The benefits of utilising existing plant, according to the study for Longanet 
project (SPCCSC, 2011a) could significantly outweight the construction of new plant, given it saves huge costs in the new 
construction and civil engineering works, substantial amount time for a part of the project authorisation process, but the project 
team should actively manage the degrading risk of elder facilities at the original plant. The Guohua 200MWe oxyfuel project will
retrofit an existing 2x 110MWe coal fired power plant built in 1999 and 2000, at least 15 years old when the oxyfuel project 
kick-offs the retrofit construction process.  
Part of the existing plants and facilities may have relatively short remaining mechanical life. It could impair the efficiency,
reliability and availability of the Guohua oxyfuel project. Retrofit existing plant with oxyfuel boilers, air separation unit, flue gas 
purification and compression unit would require a detail and independent study on what existing assets in the Guohua Shenmu 
2x110MWe power project can be reused or cannot be reused. Unlike post-combustion capture, the operation of oxyfuel CO2
capture project would be integrated into the existing Shenmu project. Therefore, it requires both physical and management tie-ins 
to eliminate the risk of integrating existing plant with new facilities. An independent survey on the reuse potential of existing
facilities should be conducted to eliminate the risk of fast degradation.  Given a complexity, high value and more strict health and 
safety requirement of an oxyfuel CCS project, a higher availability ratio should be adopted in evaluating the reuse potential of
existing plant assets.  
Technology scale-up failure: The technology to capture CO2 from oxyfuel plants has been piloted and in operation at various of 
locations worldwide, such as the 35MWth HUST pilot carbon capture unit in Hubei, China and the 30MWe Vatternfall/Alstom 
Schwarze Pump power project in Germany. The oxyfuel technology, through pioneer large-scale demonstration (White Rose 
Project in the UK; the underlying Guohua Shenmu Project) is only the first step of implementation at commercial scale.  In 
addition, very few commercial-scale million tonne projects have demonstrated CO2 capture from power plants, transportation, 
storage and monitoring (apart from the SaskPower Boundary Dam project in Canada). The Guohua Shenmu project is therefore 
first-time implementing oxyfuel CCS at commercial scale. Any failure in scaling up a component of the oxyfuel technology 
could lead to delay, capital cost increase (re-design or re-order) during the construction phase. An incorrect configuration at scale 
up could also cause reliability damage and efficiency reduction and operating cost increase during the operation phase.  
The mitigation strategy for technology scale-up failure includes, encourage significant additional R&D effort within major 
technology / equipment suppliers (e.g. the Dongfang boilers and the potential ASU suppliers); train staff on CO2 behaviour for 
transportation and storage; require a third party to verify individual equipment and the whole process; and establish equipment
performance warrantee contractual arrangements.   
Public opposition: The Guohua 200MW oxyfuel CCS project includes a retrofit CO2 capture onto an existing coal-fired power 
plant, an onshore pipeline and an onshore CO2 injection and storage site. Public perception has become a critical factor in any 
large infrastructure development in China. There are many examples of energy technology and other large infrastructure projects
being delayed or even halted as a result of local opposition. In particular, the recent Chinese government's policy in 2013, 
priorities public perception in the government decision making process. For example, the Guangdong Shenzhen Binhai 2x1GW 
Ultra-Supercritical Coal-fired power plant was cancelled due to public pressure, even though the plant had received consent for
construction from the national government. The Guangdong Yangjiang nuclear fuel processing park was immediately cancelled 
in 2013 after more than a thousand local residents demonstrated in front of the Yangjiang municipal government building. There 
7240   Xi Liang et al. /  Energy Procedia  63 ( 2014 )  7234 – 7241 
is a risk that adverse public reaction could delay or cancel the whole or one component of Guohua 200MW oxyfuel CCS project 
and negatively affect the project reputation and government’s authorisation decisions.  
The mitigation strategy for public perception risk is to establish a clear and robust engagement programme with local 
communities and key stakeholders during the project feasibility stage and the construction stage and continues to monitor and 
communicate as the project progresses and operates. The communication activities could be in the form of public meetings, 
speaking events, and establishing a visitor centre. In addition, it would be beneficial to forge solid link with 3rd party (e.g. NGO, 
media and academic) that supports CCS. It would be useful to deliver the message to local community in regard to industry, and 
social economic benefits, such as job creation, economic growth opportunities for Shenmu and Ordos basin as a whole.  
Risk Transfer Strategies – Insurance Options: During the study, a preliminary investigation of the insurance options for 
transferring risks specific to oxyfuel CCS was undertaken. The insurance study considers key risks associated with the important
stages of CO2 capture, transport and storage from (a) construction, (b) operation, (c) decommission, and (d) post-closure.  
According to study by an insurance consortium (ClimateWise, 2011), most of the operational risks identified in the CCS process 
can be addressed through existing risk mitigation and risk transfer options that are similar to the insurance and oil and gas 
industries. The Scottish Power Consortium in its FEED study for the Longannet demonstration project sets out six risk transfer 
requirements, identifying the relevant existing insurance policies that could be applied (SPCCSC, 2011b). Through discussion 
with stakeholders in the insurance sector, we found most of universal insurance policy types in Table 42 below are available in
China.
In addition, many of the potential environmental liability exposures associated with CCS are analogous to those covered by 
traditional Environmental Liability Policies. Potential environmental damage can arise out of a number of operations within the
CCS process. CCS projects would require a comprehensive environmental impact study, which should identify baseline 
conditions and make determining remedial obligations more clearly.  The main challenge for insuring risks in CCS process would 
the short-term nature of current non-life insurance products, there is a lack of product that could fully cover the risk of CO2
leakage as well as no product in China could cover the risk of system failure in the novel commercial scale oxyfuel process.  
Table 4 Risks likely transferrable through existing insurance policies (adopted from SPCCSC, 2011a) 
  Policy Type Risks Addressed Availability in China 
Construction All 
Risks (CAR) 
addresses any risks for physical damage to construction works, 
damage to existing property and third party liability as a result of 
such construction works 
Standard power plant equipment 
and auxiliary facilities 
construction policy 
Property Damage / 
Business 
Interruption 
(PDBI)
PD cover can be purchased for all assets, which would be 
reinstated or replaced in the event of damage or destruction. BI 
coverage will provide protection for fixed costs and profit and is 
triggered by a covered event under the PD cover accordingly. 
Standard for power generation and 
mining sectors. (e.g. provided by 
Pingan, China Life, China Pacific) 
General Third 
Party Liability 
(GTPL) 
Insures against loss of, or damage to, third party property and 
personal injury, death or disease to persons, including 
environmental liability 
Standard insurance for power, 
transportation and oil and gas 
sectors (e.g. China Pacific) 
Control of Well 
(CoW)
Coverage would apply for the injection wells related to CO2
injection as it already does on Enhanced Oil Recovery (EOR) 
projects.
Standard policy in the oil and gas 
industry (e.g. Pingan, China 
Pacific) 
Director’s and 
Officer’s Liability 
(D&O)
Protect project partner’s directors and offices for private liability Not popular but available in China 
(e.g. AIG, China Pacific) 
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